ABSTRACT: Ninety-six crossbred yearling steers (321 ± 29 kg BW) were used to determine the effects of feeding cattle a high S diet on pasture before receiving a high S diet in the feedlot. Steers were blocked by BW, allocated to 2.4-ha bromegrass (Bromus inermis L.) pastures (n = 4 plots per treatment), and supplemented at 1% BW with either low S dried distillers grains with solubles (DDGS; 0.34% total diet S; LS) or LS DDGS with additional S (0.47% total diet S; HS) from NaSO 4 for 36 d. On d 37, steers moved into the feedlot where one-half remained on the previous S treatment and the other half switched treatments, resulting in 4 treatments (LS-LS, LS-HS, HS-LS, HS-HS; LS: 0.2 to 0.3% total diet S, HS: 0.5 to 0.6% total diet S; n = 6 feedlot pens per treatment). During the pasture period, forage mass offered, grazing residual mass, and in vitro digestible DM of forage did not differ among treatments (P > 0.40), and ADG did not differ (LS: 1.6 kg•d -1 , HS: 1.7 kg•d -1 , P = 0.54). Plasma Mg measured on d 35 was decreased by ~5% in response to increased dietary S during the pasture period (P = 0.05), though no effect on plasma Mg was observed during fi nishing (P > 0.15). Plasma Cu concentrations on d 155 were ~15% less (P = 0.02) in HS vs. LS steers, and d 155 liver Cu concentrations were ~51% less in HS vs. LS steers (P = 0.01). Increased dietary S during the feedlot period decreased ADG by ~10% (P = 0.01) and tended to decrease HCW by ~5% (P = 0.06) compared with LS steers. Steers receiving the HS diet had increased stearic acid (C18:0) and heptadecanoic acid (C17:0; P = 0.04 and 0.01, respectively) percentages in rib facings collected at slaughter. Exposing cattle to greater S diets (0.47% S) during a forage-based diet did not infl uence later performance on high S feedlot diets (0.5 to 0.6% S); however, cattle fed high dietary S on pasture had greater fat cover at slaughter (P = 0.01), suggesting S may have infl uenced lipid metabolism.
INTRODUCTION
Sulfur is an essential mineral, although inclusion of ethanol coproducts in feedlot cattle diets often results in diets containing more S than the maximum tolerable level. Dietary forage content infl uences susceptibility of ruminants to S toxicity, with a maximum tolerable level of 0.5% S suggested for cattle on a high forage diet vs. 0.4% S for cattle on a high concentrate diet (NRC, 2005) . Coproducts of the ethanol industry are high in S because of the use of sulfuric acid to maintain pH, reduce bacterial growth, and fl ush distillation equipment during ethanol production (Crawford, 2007) . High dietary S content can have multiple negative effects on livestock, including decreased animal performance, polioencephalomalacia (PEM), and in some cases animal death (Gould, 1998) . Cattle mineral status may also be infl uenced by dietary S content, in particular Cu, which is known to be negatively affected by S through the formation of thiomolybdates, which can decrease Cu status by irreversibly binding Cu (Suttle, 1991) .
Our hypothesis was that exposing rumen bacteria to high dietary S as steers were consuming a high forage diet would allow microbial populations to adjust to dietary S with less risk of toxicity to the cattle. This adjustment may decrease the peak ruminal hydrogen sulfi de concentration often observed in the fi rst 30 d in a feedlot, which coincides with increased incidences of PEM (Loneragan et al., 2001) , and, as a result, cattle may experience fewer negative effects of high S diets on performance in the feedlot.
MATERIALS AND METHODS
Procedures and use of animals for this experiment were approved by the Iowa State University Animal Care and Use Committee (protocol number 8-09-6794-B).
Experimental Design
Crossbred yearling steers (n = 96; 321 ± 29 kg initial BW) were used to determine the effects of high dietary S on cattle performance, mineral status, and carcass characteristics. The study used a nested design to examine the effects of feeding low or high S diets fi rst to grazing cattle as part of a dried distillers grains with solubles (DDGS) supplement, and then to fi nishing cattle as part of a concentrate-based diet. Steers were stratifi ed by initial BW into 24 future feedlot pens (n = 4 steers per pen), representing 4 BW groups (1 light, 2 medium, and 1 heavy). Pens were randomly assigned to 1 of 4 treatments within a weight group. Treatments included: 1) low S DDGS supplement (LS) fed while steers were on pasture, followed by a low S fi nishing diet; 2) LS pasture diet, followed by a high S fi nishing diet; 3) LS DDGS supplement with an additional 0.3% S provided from sodium sulfate (HS), followed by a low S fi nishing diet; and 4) HS pasture diet followed by a high S fi nishing diet. Steers received the low or high S DDGS supplement (n = 4 pastures per treatment) while on pasture for 35 d. On d 36, steers were moved to their preassigned feedlot pens (n = 6 per treatment). Dietary concentrations of S during the fi nishing period were between 0.2% and 0.3% S for LS, and 0.5% and 0.6% S for HS.
The study began in October 2009, using smooth bromegrass pastures that had been harvested during June or July of that year. After harvest, forage was allowed to stockpile until the beginning of the study. Before being assigned to treatments, all steers were grazed in a single bromegrass-based pasture for 7 d as they received the LS DDGS supplement at 1% BW. On d 6 and 7 of this prestudy period, steers were weighed at 0800 h before feeding of the supplement to determine initial pasture-based BW. On d 0 of the study, steers were moved to 1 of 8 experimental pasture plots (2.4 ha; n = 4 plots per treatment, 12 steers per plot), which were paired based on quantity of stockpiled forage and a BW grouping of steers was randomly assigned to each pair of pastures. Treatment was randomly assigned within each pair of pastures, thus determining which feedlot pens of steers would be assigned to each pasture. Two complete feedlot pens (4 steers per pen) and 2 incomplete feedlot pens (2 steers per pen) were assigned to a single pasture for a total of 12 steers per pasture. Steers from the 2 incomplete pens were stratifi ed by BW and assigned to their respective plots to balance BW across the paired pastures. Steers were front strip grazed weekly over a 36-d backgrounding period and received their respective DDGS supplement at 1% of BW at 0900 h daily (3.6 kg DM•steer -1 •d -1 ).
Composition and nutrient profi le of the DDGS supplement is shown in Table 1 . Dried and ground samples of DDGS were sent to a commercial laboratory (Dairyland Laboratories, Arcadia, WI) for analysis of CP, ADF, NDF, and fat composition by near infrared analysis (NIR). The NIR was calibrated against DDGS analyzed, using these methods: CP (AOAC 990.03), ADF (AOAC 973.18), NDF (AOAC 2002.04) , and fat (AOAC 930.39 ). The OARDC model was used for calculation of NE g and NE m . The DDGS used during this period contained 0.50% S and forage was analyzed to contain 0.16% S (Poultry Science Center L-209, University of Arkansas, Fayetteville; method of Anderson, 1999;  Table 2 ). Calculated total dietary S concentrations of 0.34% and 0.47% for LS and HS steers, respectively, were estimated by multiplying calculated forage DMI and DMI of the supplement by their respective S concentrations. Body weights were taken on consecutive days in the morning before feeding of supplement on d 35 and 36, and these BW were used to determine performance during the pasture period.
Forage measurements were collected on wk 2 and 4 of the pasture period to determine forage mass offered and grazing residual mass. Indirect estimates of forage mass were collected using a 0.25-m 2 falling plate meter [4.8 kg•(m 2 ) -1 ] at 20 random sites within the area to be grazed (Macoon et al., 2003) . Grazed area was determined by a rolling measure wheel (Meter-Man, Vernon Center, MN) to determine the dimensions of the rectangular plots, which were then used to determine area. . Total DMI was estimated by addition of supplement intake and calculated forage intake, which was estimated as forage disappearance.
Forage samples for quality analysis were collected before the start of the study (d -14) , at midpoint of the pasture period (d 14) , and after the end of the pasture period (d 37). Sward samples within individual 2.4-ha plots were collected by random selection of 10 sites (0.38 m 2 ) within the ungrazed area and clipped, using battery-operated grass shears (Black and Decker) to a height of 5 cm. The clippings from the 10 sites within each plot were then thoroughly mixed and a subsample representing each separate plot was sent to a commercial lab (CEPS, University of Arkansas, Fayetteville) for analysis of DM (Offi cial Method 934.01; AOAC, 1998), CP (Offi cial Method 990.03; AOAC, 1998), mineral concentrations (method of Anderson, 1999) , ADF, and NDF (method of Van Soest et al., 1991;  Table 2 ). In vitro DM digestibility of sward quality samples were determined via a modifi cation of the Tilley and Terry (1963) method. Samples were incubated for 48 h in rumen fl uid collected from a fi stulated steer fed a grass hay diet, along with NC-64 buffer, followed by 24 h incubation in the buffer, along with addition of a HCl-pepsin solution (Barnes and Marten, 1979) .
For the fi rst 10 d in the feedlot pens (d 37 to 46), steers were provided grass hay ad libitum, along with 1% BW of their new DDGS supplement. Starting on d 47, steers were transitioned to the fi nal fi nishing diet using three 7-d, stepup diets, where grass hay inclusion was 45%, 30%, 15%, and 8% DM for the 4 diets, respectively, and the difference was replaced with cracked corn. All step-up diets contained DDGS at 40% DM. Once fully transitioned, steers were fi nished on the fi nal diet (Table 3) for 95 d, resulting in a total trial length of 164 d at harvest. Diets for the feedlot period were formulated to contain 0.3% total S in the LS treatment and 0.6% for HS steers. The additional S in the HS treatment was provided by adding 1.33% NaSO 4 to the LS diet to provide the additional 0.3% S. During the trial, variations in S level of each DDGS load fed resulted in actual S contents of 0.2 to 0.3% for LS, and 0.5 to 0.6% S for HS. The DDGS supplements, individual feed components, and individual pen refusals were sampled monthly and dried at 60°C for 48 h to determine DM and S level. Drying samples at 60°C, rather than 105°C, may result in slightly overestimated DMI calculations. Dried and ground feed samples were acid digested (CEMS MARSXpress, Matthews, NC) with trace metal grade nitric acid and then diluted to 10% nitric acid with deionized water. A spectral analysis (181.974 nm) to determine S content was conducted via inductively coupled plasma emission (Optima 7000 DV, PerkinElmer, Waltham, MA). During the feedlot period, steers were weighed every 28 d and consecutive day BW were taken on d 154 and 155 to determine fi nal BW.
Animal Sampling and Mineral Analysis
Forty-eight steers were randomly selected for sampling of blood and liver for determination of mineral status through the backgrounding and fi nishing periods (n = 2 per feedlot pen). Blood samples were taken on d 0, 35, 125, and 155, via jugular venipuncture into 7 mL trace mineral potassium-EDTA vacutainer tubes (Becton Dickinson, Franklin Lakes, NJ), and placed on ice for transport to the laboratory. Samples were centrifuged at 1,000 × g for 20 min at 4°C and plasma was aliquoted and stored at -20°C before analysis. Liver biopsies were conducted on d 0, 35, and 155, using the method of Engle and Spears (2000) . Both liver and plasma samples were sent to a commercial laboratory (CEPS) for analysis of Mg, Ca, P, S, Fe, Zn, Cu, and Mn, by the method of Anderson (1999) .
Carcass Characteristics and Fatty Acid Analysis
On d 164, steers were shipped 151 km to a commercial abattoir in Denison, IA, for slaughter. Carcass data were collected by trained personnel and included HCW and, after a 24-h chill, carcass measures of LM area, KPH, marbling score, and backfat thickness were conducted. Yield grades were calculated and quality grades were determined by a USDA grader.
Rib facings (~1.27 cm thick, across the length and width of LM) were collected from 46 steers (n = 12, 12, 12, and 10 for treatments LS-LS, LS-HS, HS-LS, and HS-HS, respectively), 24 h postslaughter from the 12th to 13th rib split for determination of fatty acid composition. External fat was removed from the sample and lipids were extracted from the remaining muscle tissue, using the Folch wet tissue lipid extraction method (Folch et al., 1957) . The total lipid extracted was calculated as a percentage of the original wet tissue. Then, the extracted lipid was esterifi ed, using the acetyl chloride/ methanol method of Christie (1972) . Fatty acid methyl esters were analyzed by gas chromatography (model 3900; Varian Analytical Instruments, Walnut Creek, CA), using a 100-m × 0.25-mm × 0.2-μm fused silica capillary column (Supelco, Bellefonte, PA), using a fl ame ion detector. Helium was used as the carrier gas. A temperature-programmed procedure was used. Initial column temperature was 70°C for 4 min; temperature was then increased 13°C min -1 until column temperature reached 175°C. The temperature was maintained at 175°C for 27 min, after which it was increased 4°C min -1 until the column temperature was 215°C, where it was maintained for 28 min. The detector temperature remained constant at 220°C throughout. The fatty acid composition was calculated using the peak areas on a g•100 g -1 basis.
Statistical Analysis
The Mixed procedure (SAS Inst. Inc., Cary, NC) was used for analysis of all data. For analysis of plasma and liver mineral, animal performance, DMI of the DDGS supplement, and forage mass and intake estimate data collected during the pasture period, the model included the fi xed effect of pasture treatment with the experimental unit of pasture plot (n = 4 plots per treatment). Forage quality data were analyzed as repeated measures, with the fi xed effect of pasture treatment and day of sampling as the repeated effect. The covariance structure for the repeated measures analysis was variable components and was selected based on the lowest value for the best fi t statistic. Least square means are reported and LSD were used to determine pairwise comparisons of forage quality data among days of sampling. The model for analysis of the feedlot period data included fi xed effects of feedlot treatment, pasture treatment, and pasture treatment by feedlot treatment interaction. The experimental unit for the feedlot period was feedlot pen (n = 6 feedlot pens per treatment). The interaction of pasture and feedlot treatment was only signifi cant for plasma P, and, as a result, this interaction term was removed from all other models. Day 0 mineral concentrations were used in a covariate analysis for d 35 plasma P and liver Cu, d 125 plasma Mg, Ca, and Fe, and d 155 liver Fe.
RESULTS
There were 2 incidences of PEM during the study. On d 88 (d 20 of full fi nishing diet), one steer receiving the LS-HS treatment exhibited blindness, ataxia, and head pressing, and was removed from the trial and treated initially with intramuscular dexamethasone and intravenous thiamine. On d 89, a steer on the HS-HS treatment also exhibited ataxia, blindness, and circling, and was treated with thiamine and dexamethasone until fully recovered. Data from these steers from the fi nishing period were not included in the statistical analysis.
Backgrounding Period
During the backgrounding period, forage disappearance (3.5 and 3.0 kg DM•steer -1 •d -1 , SEM ± 1.4 for HS and LS, respectively), as calculated based on the forage mass offered (8.5 and 8.2 kg DM•steer -1 •d -1 , SEM ± 2.2 for HS and LS, respectively), and residual grazing masses (1,576 and 1,648 kg•ha -1 , SEM ± 72 for HS and LS, respectively) did not differ due to treatment (P > 0.40). Digestibility of the forage, as determined by IVDMD, was not different among treatments (P = 0.90) but did decrease over time (P = 0.01; Table 2 ). Forage ADF content was lower (P = 0.01) on d 14 compared with d -14 but did not differ between d -14 and 37, which may be a function of the randomly selected sampling locations (Table 2) . Mineral concentrations and protein content of the forages changed over time but did not differ among treatments, and no interactions among treatment and day of sampling were observed (P ≥ 0.2; Table 2 ). Specifically, DM increased (P = 0.05), as did Fe (P < 0.01) and Ca (P = 0.05). Conversely, there were decreases in CP (P = 0.03), P (P < 0.01) and Cu (P < 0.01) over time, and a tendency for Mg (P = 0.06) to decrease. Average daily gain did not differ (P = 0.54) due to inclusion of additional S in the DDGS supplement (1.6 and 1.7 kg•steer -1 •d -1 , SEM ± 0.08 for HS and LS, respectively).
Plasma and Liver Mineral Concentrations of Cattle
After 35 d of receiving a HS supplement on pasture, plasma Mg concentrations in HS steers decreased (P = 0.05) compared with LS steers, although animals did not become defi cient in Mg. Plasma P concentrations increased (P = 0.05) in HS steers in comparison with cattle receiving the LS supplement (Table 4 ). No differences (P > 0.20) due to dietary S were detected in the other minerals measured after 35 d on pasture. During the fi nishing period, plasma P concentration was less (P = 0.01) in HS steers than LS steers (Table 5 ). The plasma P response was opposite of that observed during the backgrounding period, resulting in a pasture treatment by feedlot treatment interaction on d 155 (P = 0.04; data not shown). Although plasma Mg differed due to treatment during the pasture period, there was no difference (P = 0.16) between HS and LS steers for plasma Mg on d 155. Plasma and liver Cu concentrations decreased in steers receiving the HS diet on d 155 compared with LS steers (P £ 0.02; Table 5 ). Other liver mineral concentrations remained similar among treatments (P ≥ 0.70; Table 5 ).
Finishing Period Performance and Carcass Quality
Prior pasture treatment did not affect performance of cattle during the fi nishing period (P > 0.4). Inclusion of high S in a fi nishing diet tended to decrease DMI (P = 0.15) but did not impact G:F (P = 0.39; Table 6 ). However, ADG was less (P = 0.01) in steers receiving the HS diet compared with those receiving the LS diet during the fi nishing period. Reduced ADG due to the HS diet translated to a tendency (P = 0.06) for lighter HCW in HS steers compared with LS steers. Other measures of carcass quality, including marbling, KPH, and LM area, were not affected by (P ≥ 0.20) dietary S level during the feedlot period. Interestingly, steers receiving the HS diet during their time on pasture, regardless of dietary treatment during the feedlot period, exhibited greater backfat thickness (1.14 and 0.93 cm, SEM ± 0.05 for HS and LS, respectively; P = 0.01) and higher USDA yield grade (2.95 and 2.68, SEM ± 0.10 for HS and LS, respectively; P = 0.05) than steers receiving the LS diet during the pasture period.
Fatty Acid Composition
Fatty acid composition and total lipid content of samples collected from the 12th to 13th rib split are shown in Table 7 . Previous pasture treatment with high dietary S tended (P = 0.07) to decrease cis-9 trans-11 CLA (0.34 and 0.48 g•100 g of fatty acids -1 for HS and LS, respectively, SEM ± 0.052). No other effects (P ≥ 0.20) of pasture dietary S level on fatty acid composition were observed. The ratio of SFA to PUFA was not affected by dietary S level during the feedlot period (P = 0.59). Long chain fatty acids (>16:0) tended (P = 0.07) to be greater in cattle fed HS compared with LS in the feedlot. Steers fed HS diets in the feedlot had increased (P = 0.04) stearic acid (C18:0) and a tendency for increased (P = 0.06) docosanoic acid (C 22:0). Steers fed HS diets also had decreased heptadecanoic acid (C17:0; P = 0.01) and tended to have reduced palmitic acid (C16:0; P = 0.08), myristic acid (C 14:0; P = 0.06), and cis-12 C18:1 (P = 0.08) percentage in meat.
DISCUSSION
During the time on pasture, DMI and ADG did not differ between LS or HS cattle, but plasma Mg decreased 2% in cattle receiving high dietary S. Spears et al. (1985) observed a similar effect on circulating Mg concentrations in steers fed cool-season grass forages, tall fescue (Festuca arundinacea), or orchardgrass (Dactylis glomerata L.), either supplemented with S (132 kg S•ha -1 as gypsum) or not supplemented with S fertilizer. Sulfur fertilization of orchardgrass resulted in a 14% decrease in serum Mg af-ter 28 d in the cattle. Spears et al. (1985) postulated that the negative effect of S on serum Mg might have resulted from the formation of insoluble complexes in the rumen, preventing absorption of Mg from the digesta. Although in the present study forage Mg concentrations decreased over time, they were not different due to treatment and remained above the requirement for growing cattle set by NRC at 0.1% (1996) . In the present study, the relationship between S and Mg did not continue into the feedlot period. It is possible that rumen conditions occurring as cattle consumed a high forage diet were more favorable for the formation of an insoluble complex between S and Mg as postulated by Spears et al. (1985) . Magnesium serves an important role in the nervous system (Katzman, 1966) and the importance of this electrolyte in relation to S and development of the neurological disorder PEM has not been documented.
Many studies have supported the antagonistic relationship among S, Cu, and Mo (Suttle, 1975; Gengelbach et al., 1994; Hansen et al., 2008) . This interaction is caused by the formation of thiomolybdates in the rumen, which prevent Cu absorption in the intestine and may also scavenge Cu from metabolic processes and enzymes in the body, further decreasing Cu status of the animal (Suttle, 1991) . In the present study, Cu status of HS steers during the fi nishing period was signifi cantly reduced compared with LS steers, which may explain some of the shifts in fatty acid profi le of meat samples collected from these steers at slaughter. Steers receiving the HS diet had increased concentrations of C18:0 in meat fat. Because Cu has been shown to be necessary for Δ9-desaturase activity, which is important in the desaturation of C18:0 in adipocytes (Engle, 2011) , it is possible that reduced Cu status led to an increased concentration of C18:0 on meat from HS steers. The only other mineral in either plasma or liver that was altered due to HS feeding was plasma P, which was greater in HS steers during the pasture period and lower in HS steers vs. LS steers during the fi nishing period. It is unclear why circulating P was differentially affected by high S during these 2 feeding periods, although DMI of HS steers was lower during the fi nishing period. This means that total daily intake of P would have been lower in HS steers, which may explain why plasma P was decreased during this time in HS steers. However, if this is the case, we would have expected similar decreases in other minerals measured in these cattle.
We hypothesized that exposing cattle to increased dietary S concentrations while on a high forage diet would allow rumen populations to adapt to increased S before receiving high S in a high concentrate diet. However, the previous pasture treatment did not result in differences in subsequent feedlot performance. Regardless of previous pasture treatment, in our study, high dietary S negatively impacted ADG during fi nishing. Other studies found similar deleterious effects of high dietary S on performance of beef cattle (Zinn et al., 1999; Loneragan et al., 2001; Cammack et al., 2010) . Zinn et al. (1997) observed a decrease in feed efficiency of fi nishing cattle when dietary S was increased from 0.2 to 0.25%. Feed conversion was not affected by dietary S concentration in the present study, indicating that the decreased weight gain was at least partly due to the tendency for decreased DMI by steers receiving the HS diet. Additionally, the HS cattle likely used some energy to detoxify excess sulfi de in the body, which may have contributed to reduced energy available for BW gain. In the present study, feeding a diet high in S resulted in decreased ADG, which would translate to an increased number of days on feed required for steers to reach a similar fi nal BW as steers receiving a diet with less S.
Several studies have reported that inclusion of distillers grains negatively infl uenced marbling scores of cattle (Depenbusch et al., 2008; Gunn et al., 2009) , whereas others have not observed differences (Al-Suwaiegh et al., 2002; Depenbusch et al., 2009; Leibovich et al., 2009) . Differing concentrations of S in the diet has not previously been considered when examining carcass characteristics or LM fatty acid composition changes due to differing levels of distillers in the diet. In our study, no differences due to dietary S concentration in the fi nishing diet were observed in marbling scores, KPH, LM area, or backfat thickness. Data from this study suggest that the previous inconsistencies in reported DDGS infl uence on carcass characteristics may not be due to differences in S content among diets.
One interesting observation in the present study was the apparent increase in backfat thickness of steers receiving HS during the backgrounding period, regardless of dietary S level of the fi nishing diet. This may indicate that steers receiving HS during their time on pasture experienced altered lipid metabolism or nutrient partitioning, which resulted in a fatter carcass. It is unclear how increasing dietary S from 0.34 to 0.47% for just 35 d infl uenced subcutaneous fat deposition in these steers during their time on pasture. Engle (2011) reported that Cu-supplemented steers have decreased backfat thickness compared with those of lesser Cu status. Although Cu status of HS steers during the pasture period was not significantly reduced compared with LS steers, it is possible that minor differences in Cu status at this time infl uenced subcutaneous fat deposition. It was also observed that steers receiving the HS diet during the backgrounding period tended to have lower concentrations of CLA, which may suggest that ruminal biohydrogenation pathways were infl uenced by the presence of greater amounts of dietary S. Protozoa are known to play a role in biohydrogenation of unsaturated fatty acids in the rumen and have also been shown to contain a greater percentage of CLA (Or-Rashid et al., 2007) . It is possible that high dietary S decreased protozoa populations, as Felix (2011) reported a tendency for protozoal counts to decrease as DDGS inclusion in the fi nishing diet of heifers (and thus S inclusion in the diet) increased from 0 to 40% DDGS. A decrease in protozoa may account for less CLA in the meat of steers receiving HS diets during the backgrounding period.
Previous studies have shown that PUFA concentra- tions in meat increase as inclusion of distillers in feedlot diets increase (Depenbusch et al., 2009; Schoonmaker et al., 2010) . It has been suggested that the fat in distillers is partially protected from ruminal degradation, leading to a greater proportion of unsaturated fatty acids available for intestinal absorption (Klopfenstein et al., 2008) . Diets with increased concentrations of distillers also typically have increased concentrations of dietary S and we hypothesized that sulfate reduction and hydrogen sulfi de formation may compete with biohydrogenation of fatty acids for hydrogen in the rumen and partially contribute to the shifts from SFA to PUFA. However, high dietary S during the fi nishing period did not cause a change in the amount of PUFA in the meat but did result in a tendency for fewer medium chain and more long chain fatty acids. Although the shift from medium chain to long chain fatty acids is probably not related to ruminal hydrogen competition, it is possible that changes in the ruminal microbiological community may be responsible. Changes in the fatty acid synthesis of the steers may have been altered by increased dietary S, contributing to the shift in fatty acid profi le. Although many of the fatty acids measured in the present study did not differ due to dietary S, there were some interesting differences detected in concentrations of fatty acids such as C14:0 and C16:0, which tended to be lower in HS steers. These fatty acids are indicators of de novo lipogenesis and these data may suggest that HS steers had less de novo lipogenesis occurring in adipocytes as a result of increased dietary S, though the reason for this is unclear.
In conclusion, our hypothesis that exposing cattle to high dietary S while consuming a forage-based diet would improve future performance when cattle were fed diets containing high dietary S in the feedlot was not substantiated. Interestingly, high dietary S during the pasture period decreased plasma Mg concentrations compared with steers receiving a low S diet, though the infl uence of S on Mg did not persist in the feedlot period. As expected, indices of Cu status were decreased due to elevated dietary S during the feedlot period. In our study, increased dietary S during the fi nishing period negatively infl uenced steers' gains and retail product yield, and also resulted in slight alterations to meat fatty acid profi le.
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